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RATIO 8 WITH AND WITHOUT HIGH-LIFT AND STALL-CONTROL 

DEVICES AND A FUSELAGE AT REYNOLDS . " 3 3 R S  FROM 

1.5 x lo6 TO 4.8 x 10 6 

By Reino J. Salmi 

A low-speed investigation of tke s ta t ic   longi tudinal  'aerodynamic 
characteriskics of a twisted and cambered wing having 45O of sweepback. 
and  an aspect   ra t io-  of 8.0 wa8. conducted i n  the Langley 19-foot  press.ure 
tunnel. .The te-sts  included  the  effects of leang-:and  t ra i l ing-edge 

through a Reynolds number range af  1.3 X 10 6 to 4.8 X 10 6 . .. flaps,  .flow'control~-fences, and a f u e l a g e .  -The inveatigation was made 

A comparispn of the  resur ts  with thoee of a . e n g  of similar plan 
form, but  with no camber i?r t w i s t ,  indicated that, for the  f laps-neutral  
caae, camber  and twist iqroved . the   s tab i l i ty   cons iderably   in   the  lift- 
coefficient  range below 0.7, increased the l i f t - d r a g  r&tios i n  the mod- 
era te  and high  l if t-coefficient.   range, and increased.  the maximum lift 
coefficient from 1.01. t o  1.30. With high-lif t-and  stall-control  device8 
on the wings, camber and t w i s t  increased the l i f t - d r a g   r a t i q s   i n  the 
h igh- l i f t  .rapge. and increaeed  the maxi.pnm lift coefficient,  although  the 
forward shift of aerodynamic center ne& the  maximu&lift~aas somewhat 
greater fU. the $wis.ted agd c"&.red wing than far the  untwisted wing. 
The fuselage had a.destab. i l iping  effect  w h i c h  increased  greatly  in the 
high  angle-of-attack range. Reynold~ number e f f ec t s  on the  aerodynamic. 
characterist ics  ih  the  range  investigated Gre, i n  gener;al, siuaC; 
Rou.&ess on the  .l_eading  ea@ of the   p la in  wing .caused an apprecTable 
decrease i n  the l i f t  coefficient at which the pitching moment became 
unstable and decreased the maximum lift c o e f f i d e n t  about 0.2. 
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As p w t   o f .  a .broad:progrm t o  .inve-srtigate tbe low-speed  aerodynamic . - 

character is t ics  of sweptback wings, the static longitudinal stability 
character is t ics  of. a 45O aweptback wing of aspec t .   ra t io  8.0 were inves- 
t i g a t e d . i n  the Langley lg-foot pressure  tunnel. The resul ts   are   reported 
in   references 1 to 3. Although a xLng of  such-plan form is basical ly  
very  unstable a t  moderate and high. lift coefficienta, i-t was pointed' . . .  

out  in-reference 1 that   . longi tudinal   s tabi l i ty   could be obtained from 
t h e  use of s ta l l -cont ro l  deviCes. 

- 
. - .- .... 

More. recently,  consideration  has-been  given to the use of  camber - " 

. . . .  and t w i s t  var ia t ions along the span as a mean6 o f  counkract ing  the 
undesirable.  induced.eTfects. of sweepback: "Camber and t w i s t a l s o  provide . . .  i- 

additional advaritagSs, Lf ~ o p e r l y  applied, i n  tha t -both   the-profue  and .. :. j ' : 
induced  drag would be reduced. for. .   high design- lift coefficients.  

" 

- -  " 

. . . . .  .. - " - 

" 
" 

With these  .consideratione i n  mind, an  experimental.  investigat-Ion 
was conducted to .determine- the low-speed longitudinal  characterist ics o f  -i ----=: 

a 450 sweptback w i n g  of aspect  ratio. 8..0,.. which was cambered and twisted . 

t o  provide an e l l i p t i c a l  spanH.se load .e.str.ibution at.. a des-ign lift 
cozff ic ient  oFO.7 and a Mach  number of.0.9. The plan form of the  present 
wing w a s  similar to: the plan form of the wing reported  in   references 1 
to- 3, which had no kaniber or..twist. 
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The present  paper  contains the results  of  force tests t o  determine . .  
. the effec ts  .of- high-lift and .s tall-control  devices on the camberea and 

twisted wing. The investigation. was conducted a t  Reynolds 'Ifumbers 

ranging from 1.5 K.10 tp 4.8 x 10 : 

- .  

. ". .- . .  

6 6 .. 
. .  

. .  
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. .- 

u l . f o r c e s  and momenta are referred t o  8 point 9.34 percent o f t h e  
mean aerodynamic chord above the  quarter-chord  point of the mean aero- 
dynamfc chord  projected t.0 the plane of-symmetry. 

A aspect r a t i o  . . .  

a speed of, sound - 1  

b Wing span " .  
I 

C wing chord . . . .  
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P 
- 
C mean  BeYodynamic chord (;[/* c 2 3  

C 
2 1  

design  section lift co-efficient 

K L  

cnl pitching-moment . coefficient. (pitching moment/qSF) 

4, . - cm ( fuse-ge on) .- C, (fuselage off) 

. .. increment i n  l i f t  coeff ic ient  
. ." . .  " . . . .  . 

a m / %  - . -  .. rate of change of pitching-moment coeff ic ient  with 
lift coef f ic ien t  . .  

" 

L/D l i f t - d r a g   r a t i o  

M Mach  number (V/a)  

Q 

R 

S 

t 

v 
X 

Y 

Z 

a 

6f 

w i n g  area 

wing thickness at any section 

- .   . .  . . .. 

free-atream  velocity 

distance a long  chord l i n e  from leading edge 

spanwise cooranate . 

distance normal t o  chord l i n e  

angle of attack of wing root  chord  l ine 

flap deflection  angle measured- i n  a plane parellel  t o  
- plane of symmetry 

. P  mass density of air 



. .  

CL . . coefficient of viscosity 

Subscripts : 

max a . . .  maximum 
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The wing ( f ig .  -1) yas similar-in plgn-.fom. $v the  untwisted w i n g  
reported  in  reference8 1 to. 3,'and &d 45O of sweepback a t  the q u q t e r -  
chord l ine ,  an aspect   ra t io  of,. 8.0, ana .a t qe r  r a t i o  of 0 . 6 .  The I . 
wing was des igned .   to '   p rovidwn  -e l l ip t icabpanwise  loading and a uni-. 
form chordwise -loading a h  l i f t  -coefficient of' 0.7 and a Mach riutnber - .  - 

of .  0.9. The corresponding t w i s , t  and. camber were-calcula- by the method 
of  .reference 4. Figure 2 presents the sp_anw&se. variation.  of .the geo-. . . 

metric t w i a t  andlthe'.design  section lift -coefficient; The mean l i n e  
used was a very  close  approximation  of the wan line-derived from refer- 
ence k-and w a s  obtained by increasing  sl ightly the curvature  near tzle 
nose of .a .mean line of the type ,a = 1. The equations  giving the-shape" 
of .the mean 1ine.together w i t h  tabulated  ordinates  ?or-a  design  section 
lift c o e f f i c i e n t W  1.0 are- given. i n   t a b l e  I-. The mean-line  ordfnates 
at -any spanwise. s t a w n -  qre obtained by multiplying the ordinates  given 
in   t ab l e  .I by the  proper  .values of. C given i n  figure. 2. The thick- 

ness dls-tmlbution of the NACA 631~012 section was used. The t w i s t e d  wing 
represents a a e r i e s  of. s e e t 3 o ~  .sheared parallel  to  the plane 0f"aymmetry 
and rotated-  a%out.  the  .8O-gercent-chord  point, so that t r u e .  seckLoG . w e r e .  
maintained parallel 50. th& plane- of symmetry. 

x i  

. .  .. I . .  cr " ... 

- ". 
"-. - . . -, 

The-wing construction  consisted. of a .steel -core w i t h  a n  outer.  layer - " 

of an  alloy af btsmuth and tin.  The various flap8 and fences  used on 
the  w i n g  were made of sheet   s teel .  . The-details  of these  devkes and 
their locations on the wing are shown i n  figure- 1.. , 

. .. . 
.. . ~. ~ . .  

- 

" . .  . .  
. .  " 

" 

The figelage was c f ~ c u l a r  in- .cross  qection .and had. a fineneee  ratio .: 
. .  

' of lD.0. The fuselage had removable -sections which permitted thg wing . .  

- 

t o  be set a t  incidence  angles -of 0". or  .bo. For each incidence  angle, 
the leading edge @f > t h e  rqo$-_&-ord  rgm?iine$. fixed  ,relaMve  to  the  fuselage,_ ;---A- 

t h a t . i s ,  3.182 inchesaboye  the  fuselage center l i n e .  The fallowing 
equations  define' the-fuselage nose and afterbody shapes: 

" - -. 
.. 

. "" 

. .. . .. 

. .- 

. . . . . . . . . .. -. . 
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Afterbody  shape . - - . .  

.. . . .. 3/4 ' I (e)a = - (. " 
w h e r e  the  length. of t-h cgnstant-diameter.  dection w a s  equal t o  41.m 
inches  and. . . .  

rO  radius of constant-diameter  section (6.36 in . )  

distance measured  toward center of fuselage from 
fuselage nose 

2n length of  curved portion of fuselage 'nose (33.344 in . )  
. .. .~ 

. distance measured toward center of fusel&ge.fro?n the 
s te rn .  , 

TESTS 

The tests were conducted i n   t h e  Langley  19-foot  pressure  tunnel a t  
an a i r  pressure of about -33 ppun-. gkr square fnch  absolute a d  a t  Reynolds 

6 6 -  numbers r'ad@;ing.from 1.5 x 10. to 4.8 x 10 . F€gure 3 ihowe. the model 
mounted i n   t h e  tunnel: 

Measurements of the forces and moments on the model were made f o r  
an angle-of-attack  range from. -kO t o  30°. Most. 'of tpe data were obtained- 
w i t h  the fuselage  off .  V&lous cmMnatio& of the  leadlng-edge  flaps, 
trailing-edge flaps, md fencea  were_teste& and the refmlts  are 'sum- 
marized i n t a b l e  11. The fuselage-on-data were obtained  for wing inci-  
dence angles of Oo and- 4". An indication of the air-flow character ia t ics  
near the surface of w i n g  wae obtained from observations of  wool. tufts 
fastened to the wing surface  with  cellirlose  tape. I .  

t 
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1.3 x 10 0.07 
2.2 ~ . .  .I1 
3 .o 

.25 4.8 
-19 4-0 

. .14 

. .  M 

6 

- . .  

Reynolds 

The 
ef fect-s, 
fkrence . 
shown In 

The effects of roughness  of the  type  described i n  reference- 5 on -" 
--- 

the aerodynamic character is t  CB of-the pla  n wing w e r e  determined at 
numbers. oP1.5 x 10 2 and 4.0 x ID-* 2 " . -  

- . .. 

WULTS AND -nISCUSSIi lN 

data have been corrected far ttle"support---tare and interference " "-- 
air-stream misalinement, made1 blockage,  and  Jet-boundary in t e r -  
The je-oundary corrections were determined by themethod 

refkrence 6. In- the  fillowing discussion, reference is made 

= -. 
. . . ". . .. 
" . .  

" - .. 

t o  unpublished p~es-sure~disltrib-ution data , w h i c h ,  -were .obtained  .on the - ~" . . - ..." .x. 

present- wing. 
." . " 

Longitudinal  Stabili-ty  ChaYacteristics . . . .  . ". -. . .. 

Wing alone.; The l i f t  and pitching-momentcharacteriatics of %he 
cambered and  twist&d..wing and those. of the uncambered  arid untwisted 
wing (reference 2)- Which will here inaf te r  he- referred .tu as the flat  
w i n g ,  are  presented f n  figure 4 .  It is readjJy  apparent  that the camber 
and twist incr-eaaed the lif t -coeff ic ient   range  in  which the  yings did. 
not  experience any decrease- in .s ta>i . l - i ty  and tha-ttbe twist&. and cam- 
bered wing had an  abrup.tunstable break,  whereas -the flahing had a . -  

more gradual  unstable change. From reference .2 and f'rom unpublished 
sect ion-l i f t   data   for   the twisted and  cambereLwing, it waa notedrthat 
a loss i n l i f t   f u r   t h e  wing sections near the t ip  began a t  a wing 1Fft. 
coefficient of about 0.4 for  the . f l a t  wing and 0.7 for-  the camberedand 
twisted wing. The pitching-moment data o f  f igure 4, however, indicate 
a forward movement of the  center   ofpressure for the  f-lat wing which 
begins a t  a .lif_t coefficient of about 0.2. Analys,is of the  pressure- 
dis t r ibut ion data of reference 2 indicates  that-..the  section  canters  of 

. -. 
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pressure do not move epough t o  account  for. rnucfl of t h e -  wing center-of- 
pressure yo-vement.. The i a i f ; ia l  mcivemen$ of the. wing center of pressure. 
is  evidently due mainly t o  smali reductions i n  the l i f t -curve slope of 

the   t ip   sec t ions , .poss ib ly  *en  outbo&rd o l  the 0.96- s ta t ion   ( the  far- 

' thest   outboard  row-of  orifices).  L i f t  changes- outboard of  t h i s   s t a t i o n  
would not be- large enough t o   a f f e c t  the wing lif t-curve  slope but w o u l d  
have a noticeable  effect  on the '  wing pitchi.ng moment and center of pres- 
sure because  of.the  distance of those  sections  behind  the moment center. 
The l i f t  curves w e r e  nearly  l inear for the   t ip   sect ions of the  twisted 
and cambered wing 80 t h a t   t h e  pitching-moment-coefficient  curve for that 
wing ( f ig .  -4) w a s  almost linear i n  the lif t-coefficient  range below 0.7. 

b 
2 

Stal l -control  devices.-.As i n  the case.of the flat  wing (reference l), 
an  appreciable improvement i n - t h e   s t a b i l i t y   o f ' t h e  cambered and twisted 
wing.resulhed.from  the use of upper-surface  fences  (figs. 5 t o  9 ) .  A 
comparison of the pitching-moment curves of the  various  fence  configura- 
tions  indicated that the most favorable   s tabi l i ty   character is t fcs  were 
obtained  for  a '  combination of three complete  fencea  located a t  0.450b/2, - 
O.7OOb/2, and 0.890b/2 (fig. 7).  When mre than three fences were used, 
t he   s t ab i l i t y   cha rac t e r i a t i c s   i n   t he   l i f t - coe f f i c i en t  range below the 
maximum lift coeff ic ient  were fur ther  improved, but an unstable  break 
resulted a t  the maxiiaum H f t - c o e f f i c i e n t .  The  r e su l t s  of the present 
investigation, however, indicate   that ,  as i n  the case of the  f la t  w i n g ,  
t he   i n s t ab i l i t y  of the  cainbered and-twisted wing could not be  completely 

' euminated by the  use of fences  alone. 

Some indication of the effec ts  of the  fences OII the boundary-layer 
cross  flow may.be obtained from the tuft studies of figure LO. It can 
be seen that the  cross flow was obtained between the  fences  even a t  the 
lowest lift coeff ic ient  for which the tuft-study data are presented. 
The cross  flow &tween the. fences is beiieved  to be independent of the 
cross flow .on the wing  inboard of the fences,   since-the stalled areas 
on the wing i n   t h e  high  l i f t -coeff ic ient  ranQe are prevented from 
spreading t o   t h e  wing a reas   j u s t  outboard of each of the fences. * 

- Figure 9 gives the.resul*s of a brief investigation of the e f f e c t  
of  fence  height. T h e  effectiveness of. the fences i n  promoting s t q b i l i t y  
increased somewhat w i t h  size,   but  the fences having a height of O.lgt,, 
w e r e  almost as ef fec t ive  as those-having a height of 0 . 6 0 h .  

An appreciable improvement I n   t h e   s t a b i l i t y  of the wing was also 
obtained with the leading-edge.flaps ( f ig .  li), T% can be seen that, 
a s   i n   t he   ca se .o f  the flat wing, the leading-edge flaps oT.about half 
of the semispan  provided the greatest reductions-in the i n s t a b i l i t y  of  
;the twisted and cambered wing.. The tuft. studies  of figure 12 indicate 
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. .  

. . .  . .  , . . . -  . . .  .. < . .. -. . 

, ' .  ' that' .the leading-edge f l aps .  tended t o  .reduce .:the cr&s flow a t   t h e  .. ' . . . . .  . .  - - 
j ".e 

. 

" .  forrwar-d .part  of ',the oudboard- sect.ionS.-and: :delay . the'  separation  to  higher 
.:- 
. 7  

.. . 

l ifk-  coeflicfents . , . . ,  
. .  

.." . .  
.- 

. . x  

. " .  x 1  
. .  . .  ,- 

. -  When -a combination- of- both  leading-edge  .flaps and fences was used ' 
. -  " 

. .  , " .  i .- 

. . . .  . . .  " 

on.the  wing,-the  :greateat  stabilizing  influence-of.  the  stall-control 

most favorable pitchingaoFnt-.characterist ics i n  the  region o f  the 

' .  . kading-edge f l a p  and: 0.575b/2 and 0.800b/2  chord  fkqces on the  wing. .;. 1 I 
- .  1 

I .  the -use .of-more' than .two fences on the wing reduced the   i n s t ab i l i t y   i n  . . . . .  . 
! -. . .  . . the  lift-cogfficient-  range . .  below .. the m a x i m ~ ~ ~ l i f t  coefficient  but  caused . :. .:;&:: 

loger   uns tab le ,   var ia t ions  . n e a r  the %huh l i f t  coefficient.  . . . . . .  -...- I 

. -  .L . - . " I 
"+ 

' .devices was. 0btaine.d. Fr& figures 13 and 14"it can be seen  that-  the .' :- . 4 - - . -  

. . . . .  . .  
- .  . -. 

:.7 - . .  
> . - E  .<%? 

I ... 
. . . .  . . .  

- . ' maximum ,lift. coef fic. ient  ere;   obtained  with a combination'  of- 0.450b/2 
. " 
.. 

.. .. -. , 
. .  

. . .  
. . . .  

' From fY.gure 14. it can be. Been that. w h h  the'leading-edge-  flaps were on, . .  
. .  

. . .  . -  
.. 

. . . . . . .  
. .  - - 

I. . 
. . : .  . .  

I .  _ .  . - 2 .  . .  : I  
. . .  . I  = ,  

. .  ' .Combinations of Btall-cbntrol dey3ces. and' frailirig-edge  fiaps. - ? = ;  

.. occurred  :(fig. .15). The greatest  increase  occurred  with-  the  .iongest--- . . .  

. . .  . .  I - .  :: -4 

.When the -s ta l l -cont~ol   devices  were off, the -t;l;ailFng-edge .f laps  increased .:Z . . . . .  

. .  

' ' t he - l i f t   coe f f i c i en t  at. which the  large Unat-~ble-pltching-moment 'change 
- .  - 

.r  .i:rz 
. I ,  -i % 

. . -. 

. . .  - : : 
. . . . . . . . .  span trailing-edge f laps .  

I .  

. .  . . . .  
. -  

. . .  . . .  
.-= 

. : i I ,,%,.E 

- _ _  * 
. . .  . . -  

With thg  t ra i l ing-edge  f laps  on, the addition of fences  to.  the wing - :- 
" - 
- . -  

. . . .  

redu.ced thk i n s t a b i l i t y   t o  appr.oxima-tely-the saine degree  as w i t h  the 
f laps   off , .  as .indicated:by a. comparison off i .gures . l6-and 17 with 
f i v e s  .6 .and 7. ., From a. Ico*mjison of: figures .16, -17, and 18, .it can 7 2  

be  .se'en t h a t j  w i t h  the'- &ailing-edge  .flips. ori,-'the unstable  pitching- , . . : . 
.moment. break  occurred at. a higher P f f t -  coeffic3ent-  .with  leading-edge 

. .  fiaps  than  with  fkncea,  but the . ins tab i l i ty . .p r ior  t o  C h  - w a s  @eater 
with..  the  leading-edge ~f iaps . ' , . . . .  " a i  

. .  
. 5." 

. .  
" .'+ .%? .- . .  . . . . . .  _ _  .- 

. I  

. . . .  - 
. . .  . .. . .  I 

"-7 -.- I 

. i 
I 

. . *  

. . . .  . . .  . .  

. .  

I . :  . 

As in &he  c&e--with the ,trailir&-edge  flaps  off, the- greatest- . . .  

stabiii.zin@;  influence of ..+he .stall-contr.ol.  devices when the  . t ra i l ing-  
edge  f1ap.s were on, was obtained Kfth, a  combination. of both the leading- ' 

.eQe flaps and fences.'  Figures 19 and 20 present  -the  results  obtained 
with  various  spans  of-.both  .splitand  extended-split . . . . . .  f laps .   a t   def lect lon 
angles of- 23Q- and .520, on' the wing. with ,6.5OOb/2 .leading-edge  flaps and 
0.575b/2 and 0.800b/2 chord.fences.  In  general,  the.effect6 of t r a i l i ng -  
edge split-flaps on t he   s t ab i l i t y  were similar  to  those noted for  ,the 
f l a t  wing (reference 1) and a hwer-aspect-ratio wing (reference 7) .  
I t  can be- seen from figures Lg and 20 that the  shortest-span  trailing- 

. .  . .  . .  

edge f laps   tes ted 0.350- improved the  s tabi l i ty   s l ight ly ,   but   with 

' longer  spans of trailing-edge flaps, the   s tab i l i ty   in   the   h igh- l i f t -  
( 3 

coefficient range  progressively  a'ecreased as the  trailing-edge  flap  span , .. , 
w a s  increased. With both  types of trailing-edge  flape, sTqaller unstable - 
variations i n  the  pitching moment o c c u r p d   a t   t h e  lower f lap  def lect ion 
ang1.e ( 2 3 O ) .  Except for   the   d i f le rences , in   the   l i f t -coef f ic ien ts   a t  
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5 
which the  unstable pitching-moment variations  occurred, the differences 
in   t he   s t ab i l i t y   cha rac t e r i s t i c s   fo r  the two types of split f laps   tes ted 
w e r e ,  i n  general, small ( f ig .  21). 

An indication of the  effects  on the s t a b i l i t y  of the nuiuber  of fences 
used when both the leading-  and  trailing-edge  flaps w e r e  on the  wing can 
be  seen from figure 22. The curves  indicate that a single  fence was l e s s  
than half as effect ive as tvo fences i n  reducing  the  instabil i ty.  

Both the   sp l i t   f l aps  and the extended-8plit  flaps effected.a posi- 
t i v e  t r i m  change, as would be expected from the geometry of the w i n g .  
Through the  range of span inuestigahed,  the trim change decreased as 
the trailing-edge-flap  span wae incre-ed. , 

A direct comparison of the s t a b i l i t y  of the various  combinations  of 
devices  tested  can be seen f r o m  f igure 23 i n  w h i c h  the variaSion of 
dC!m/dC!L with lift caeff ic ient  is shown fo r  the most favorable  arrange- 
ment of the  devices from the viewpoint of stability for  each c.ase. 

LiFt Characterist ics 

. 
Wing alone." A maximum l i f t  coeff ic ient  of 1.30 w a s  obtafned f o r  

the  plain canibered and twisted w h g  i n  the angle-of-attack  range  tested 
( f ig .  4). The ipcre&se._in_the-"~ximum l i f t  coeff ic ient  o,ver the  value 
of 1.011 obtained  for  the f la t  wing w a s  approximately  equal to the amount 
that would be expected  because-of  the  addition of the camber (reference 5 ) .  
A decrease in   t he   l i f t - cu rve  slope occurred a t  a wing l i f t  Coefficient of 
about 0.7 and  corresponded with the unstable break in the pitching moment. 
I n  the region  near-the maximum l i f t  coeff ic ient   the   var ia t ion of t h e   l i f t  
coefficient  with  angle of a t tack  was m a l l .  . .  

High-1Ff.t.and stall-control  devices.- A m a x i m  l i f t  coeff ic ient  
of 1.47 was obtained-with  the  combination of 0.45Ob/2 leading-edge f laps  
snd 0.57553/2 and  0.800b/2 chord  .fences on the wing, which was the most 
favorable  combination  of  stall-control  devices from the  viewpoint of 
s t a b i l i t y  w i t h  the t ra i l ing-edge  f laps   neutral   ( f ig .  13). 

As shown by figure 24, t h e   s p l i t  flaps were very  poor  high-lift 
devices  regardless of their span  or  deflection  angle. The extended-split 
f laps,  however, increased the maximum l i f t  coefficient  appreciably. The 
maxbum l i f t  coefffcient  increased w i t h  an  increase i n   t h e  span of the 
extended sp l i t   - f l aps  f o r  both  deflection angles. tested. The increments 
i n   t h e  maximum l i f t  coefficient  obtained w i t h  the extended-split  flaps 

angle  for maximum l i f t  is probably i n  the range  between 2 3 O  and 52'. 
1 w e r e  greater a t  the .lower .deflection  .angle. me o p t i m u m  .f lap  deflection 

. This conclusion i s  .in agreement'with the resul ts   obtained. in   reference 8, - - 
I 



10 NACA RM ~52~11 

where an optimum  deflection  angle of bo was  obtained  for  extended- 
split  flaps. 

The  highest  value of the m a x i m u m  lift  coefficient  obtained in the 
teats  was 1. 8 with  the combimtion of-..0.6OOb/2  extended-split-  f-laps 
deflected 23 and  with  leading-edge flaps-and fences  (fig. 20). A large 
unstable  variation  in  the  pitching  moment-occurred  near  the  niaximum  lift 
coefficienYfor  this  combination,  however. As previously  noted,  the 
most  favorable  pftching-moment  characteristics  were  obtained  with  the 
-shortest-span  trailing-edge  flaps in combination  with  the  leading-edge 
flaps  and  fences.  For  this confiwation (using  extended-split-flaps) 
a maximum  lift  coefficient of 1.61-w~~~ obtained'with a forward  movement 
of  the  aerodynamic  center of about 17 percent of the m a n  aerodynamic- 
chord in thk  high-lift  range,  as  shown  by  figure 23. In the  case of the 
flat  wing, >a maximum  lift-c-oefficient of 1.50 .was  obtained  with an - 
aerodynamic-center  shift o f  about 6 percent  mean  aerodynamic  chord  for 
a combination of 0.500b/2  extended-split  llaps  and a similar  arrangement 
of stall-control  devices as 'that  used on the  cambered  and  twisted  wing. 

z- 

Drag  Characteristics 

The drag  characteris&ics  of  the  cambered  and  twisted  wing  are  pre- 
sented as variations of the  lift-drag  ratios  with l i f t  coefficient 
(figs. 25 and 26). The maximum  value of the  lift-drag  ratio of the 
twisted  and  cambered wing  was  slightly less than  that of the flat w i n g ,  
but the L/D curve for the  cambered  and  twisted wing had a much  broader 
peak  and  considerably  higher  values of L/D in  the  lift-coefficient 
range  above  approximately 0.43. 

From figure 26 it'  can  be  seen  that,  although  fences  reduced  the 
maximum  value of-.--L/D of  the  cambered  and  twisted wing, they  increaeed 
the  lift--drag  ratios in the  high-lift-range.  With  similar  arrangements 
of  -trailing-edge  flaps,  leading-edge  flaps,'and  fences on the wings, the 
cambered  and  twisted  wing  exhibited  great-er  values of L/D at lift 
coefficients  above  about 1.35 (fig. 26). m e  L/D values  in  the  low 
lift-coefficient range.may  be smaller for  the  cambered  and  twisted  wing 
because of the  large  negative  angles of attack of the  tip  sections  at 
low lift  coefficients. 

I 
! 

Fusel8ge  Effects 

The  variations of the  lift  and  pitching-moment  characteristics of 
the  cambered  and  twisted  wing  with  and  without a fuselage  are  presented 
in figure 27. Frop figure 28 which  shows  the  variation  with  angle of 
attack of the  increment in pitching  moment  between  the  wing  alone  and 



t 
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wing-fuselage  combination E m f  , it can  be  seen that a sharp  increase 

i n  aC,f occurred a t  approximately . 26O . . .  angle . of . .  attack. It can  also 

be  seen from the  curves of ACmf for  the  varioue  f lap  configurations 

that  the  angle of at tack a t  which themincrease  occurred was dependent 
t o  some degree on the wing f l a z   c o n f i w a t i o n .  Inaspuch  as Xmf 

represents  the s v t i o n  of al1,the mutual interference effects between 
the wing and fuselage in   addi t ion  to   the  basic   fuselage pitching-moment 
characterist ics, ' the  causes  of the. sharp  increase in CC cannot  be 
isolated from the data available. Because the  fuselage  caused  the 
pitching moment to. break  unstable  at , the maximum l i f t   c o e f f i c i e n t  as 
shown i n   f i g u r e  27, it seeps that a more detailed  investigation of the 
fuselage  effects  in  the  high-angle-of-attack ra.l?@;e would be  desirable. 

0 

mf 

From a comparison of the  curves of figure 27 the effects on the 
s t a b i l l t y  of a change i.n the w i n g  incidence angle from Oo t o   r e l a t i v e  
t o  the  fuselage-center line appeared mainly as a t r i m  s h i f t .  

Both the maximum l i f t  coeff ic ient  and the  l if t-curve  slope were 
slightly  higher  with  the  fuselage on, for  both  value8  of the wing- 
fiselage  incidence tested.: A t  zero angle of  attack, the fuselage  caused 
a slight decrement i n  the l i f t  coefficient  (f ig.   27).   he decrement i n  
l i f t  was greater for a wfng incidence a d l e  of 4' than Oo because of the 
greater negative  att i tude of the  fuselage. 

Reynolds Number Effects 

In   t he  Reynolds number range  investigated (1.5 X lo6 t o  4.8 x lo6), 
the maximum l i f t  coefficient  obtained on the   p la in  wing i n   t h e  angle- 
oEattack  range tested increased from 1.22 a t  a Reynolds nwiber of 
1.5 x lo6 t o  1.30"at a Reynolb number of 4.8 - 6  x 10 . An examination 
of the l i f t  curves of f igure 29 indicated, however, that the maximum 
-lift coeff ic ient  may not have been  reached i n  the angle-of-attack  range 
tested. The pitching-moment curves  of figure 29 indicate that t& 
s tab le  moment break i n  the  region of the maximum l i f t   c o e f f i c i e n t  was 
more pronounced a t  the  higher Reynolds nurhbers. 

With  a  combination of  four-fences on the  wing (fig. 30) the  maximum 
l i f t  coeff'icient  increased from approximate1 1.30 t o  about 1.39 as the 
Reynolds number  was increased from 1.5 X 1 0 z t o  4 . 0 . ~  106. Figure 30 
also indicates that t h e   a n g k  of at tack and the l i f t  coeff ic ient  a t  
which the unstable pitching-moment break  occurred  increased as the  
Reynolds number was increased. 
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With a combination  of sp l i t   f l aps ,  leading-edge  flaps and fences 
( f i g .  31) an  increase in the maximum l i f t  coefficient-of  about 0.12 

resu l ted   for  an  increase i n  the Reynolds number from 1.5 X lo6 t o  

4.0 X lo6. The p o i n t   a t  which the maximum l i f t  coeff ic ient   occkred 
a l so  became  more def ini te   as   the Reynolds number  was increased. The- 
pitching-moment curves of f igure 31 indicate that the   i n s t ab i l i t y   i n   t he  
l i f t=coe f f i c i en t  range just below the maximum l i f t  coefficient  decreased 
as  the Reynolds number was increased. - .  

! 

The Reynolda number e f f ec t s  on th l i f t -d rag   r a t io s  were not  dis- 
t i nc t   i n   t he   r eg ion  of (L/D),, but   in   the--higher   l i f t -coeff ic ient  
range, where increasing  the Reynolds number would tend to delay  sepa- 

./ . ra t ion,   the   l i f t -drag  ra t ios   increased  s l ight ly   with  increasing Reynolds 
numbers ( f ig .   32) .  

" 

Effects   ofwing Roughness 

The ef fec ts  of roughness  (of the type-  de.scribed in  reference 5 )  on 
t h e   l i f t  and  pitching-moment character is t ics  of the cambered and t i s t e d  
wing are presented i n  f igure 33. A t  a Reynolds nmber of 4.0 X 10 , 
the  roughness  .decreased the maximum l i f t  coefficient about 0.13. A 
decrease i n  the l i f t - - cu rve   s lope   i n . the .10~   l i f t - coe f f i c i en t  range  began 
a t - a n  ang1.e of attack of  about 30. The pressure-distribution  data 
indicated  that ,   with roughness on, the  l if t-curve  slopes of the  outboard 
wing sections were lower  and that t& curves began rounding  off a t  a 
lower  angle  of attack. The ef fec ts  of the wing roughness on the  lift 
character is t ics  of the  outboard wing sec t ions   a re   a l so   re f lec ted   in  
the pitching-moment curves of f igure 33, which indicate that both the 
large  unstable  break and the i n i t i a l  decrease i n   s t a b i l i t y  began a t -  
much lower l i f t   c o e f f i c i e n t s .  

E 

' e  
A t  a Reynolds number o f  1.5 x lo6, the decrease i n  maximum l i f t  

due t o   t h e  roughness was not as great  as  at-the  higher Reynolds  nuqber, 
but  the  effects of roughness on the pitching-moment characteristcs in 
the low l i f t - coe f f i c i en t  range were almost-as large  as   a t   the   higher  
Reynolds number. 

CONCLUSIONS * 

The following  concluding remarks are-based on the  investigation 
in   t he  Langley 19-foot  pressure  tunnel of a 45O sweptback wing of aspect 
r a t i o  8.0, which incorporated twist and camber: 

! 

* !  

I 

I 



- 1. The plain  twisted and cambered wing exhibited  almost  linear 
s table  pitching-moplent character is t ics  up t o  a l i f t   c o e f f i c i e n t  of about 
0.7 a t  which point a severe  unstable  break  occurred. ~ 

2. Both  upper-surface wing  fences and leading-edge  Tlaps  reduced 
the   i n s t ab i l i t y  between l i f t   c o e f f i c i e n t s  of 0.7 and the maximum lift 
coef f ic ien t   bu t   in  no case was the   ins tab i l i ty  completely  eliminated. 
The greatest   stabil izing  effect   was-obtained from t he  u6e of both 
leading-edge  flaps and  fences i n  combination. . 

3. In general ,   the  stabil i ty  decrease& with increasing  trail ing- 
edge f lap  span, but w i t h  leading-edge f laps  and fences on the wing, a 
slight.improvement i n   t h e   s t a b i l i t y   r e s u l t e d  from the  use of 0.350- 
.semispan extended-split  flaps  deflected 23O'. The s t a b i l i t y  was generally 
more favorable  with the flap  def lected , 2 3 O  than.  deflected 52O. , 

4. The cambered ,and twisted wing had a maximum lift coeff ic ient  of 
1.30 as compared with 1.01 for a similar wing of no camber or t e s t .  
A maximum l i f t   c o e f f i c i e n t  of 1.61was  obtained  with  0.3w-semispan 
extended-split  flaps  in.combination w i t h  leading-edge f laps  arid fences, 
f o r  which case  the  least   forward  shift   in aerodynamic center  (about 
17 percent mean aerodynamic chord) was obtained. In the case of the 
untwisted and-uncambered wing, a maximum lift coeff ic ient  of 1.50 w a s  
obtaingd  with  0.500-semispan  .extended-split  flaps  'and  a  similar arrange- 
ment of stall-control  devices  as used on the  untwisted and canibered 

cent mean aerodynamic chord. 
- wing. The aerodynamic-center s h i f t   i n   t h e   l a t t e r  case was about 6 per- 

5.  I n  general, camber and twist increased  the lift-drag.ratios at  
. high lift -coefficients .. . 

6. A lazge  increase  in  the  destabil izing  influence of the  fuselage 
occurred at high  angles of attack. The addition of t h e   m e l a g e  caused ' 

an  unstable pitching-moment  break a t   t h e  maximum l i f t   c o e f f i c l e n t  f o r  
fuselage-off  configurations  that  originally  exhibited  stable  pitching- 
moment breaks a t  the maximum lift. 

7. Reynolds number e f fec ts  on the aerodynamic charac te r i s t ics   in  
the  range  investigated were, in   general ,  small. 

8. Roughness on the  leading edge of the  plain wing cause&  a  consid- 
erable  decrease i n   t h e  lfft coeff ic ient  a t  which the  pitching moment 
became unstable and decreased  the maximum l i f t   c o e f f i c i e n t  about 0.2. 

Langley Aeronautical  Laboratory 
National Advisory Committee for  Aeronautics 

Langley Field,  V a .  . 
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TABU 11.- sSU"ARY OF LONGITUDINAL STABILITY CXARACTERISTICS OF THE 

TWISTED AEJD CAMBERED WING OF 45' SWEEPBACK AND 

ASPECT RATIO 8.0 - Continued 
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'ASPECT RATIO 8.0 - 'Concluded 
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( a )  Wing and fuselage. 

Figure 1.- Geometric de t a i l s  of- the  twisted and  cambered  wing of 
450 sweepback and aspect  .ratio 8.0 and the various  devices  tested. 
A l l  dimensions in  inches unless otherwise  noted. 
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w - -  

. . Section A-A (enlafged) 
Typical section wi th  split f/ups 

. rypjca/ section with extended split f/crPS 

Sf = 23" and 52" (30" und 60" in piane 
normal to 0 .80C line/ 

. .  . .  

(b) Trailing-edge  flaps. 
L 

Horizonto! plane through 
root chord line 

Wooden block 

Section 6-0 (enlarged) - 

- .  (c) kading-edk  flaps. 
. -  

Figure 1.- Continued. - .  
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Complete fence 

o.6rmux chord  fence 

- 0.5?5&/2 

Spunwise stafions ut which 
fences were tested 

0.15tmax chord feme Chord  fence height varies from 
O./5tmox Of 0 . 0 5 ~  to 0.30tmox 

at /.ooc Kjx&7 

(a) Fences. 
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" .. 

I 

Figure 1.- Concluded. 
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0 -2 -4 .6 .8 1.0 

Figure 2.- Spanwise var ia t ion of  wing geometric twist and design  section 
lift coefficient.  
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Figure 3.- The twisted end cambered wing of 45O sweepback and aspect 
ra t io  8.0 mounted i n  the Langley lg-foot pressure tunnel. 
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Figure 4.- Lift and pitching-moment characteristics o f  the cambered and 
twistea w i n g  end the f lak wing e t  a Fbqmolds number of 4.0 X 106. 
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A . 
E,  d w  

( a )  CL against  a. 

Figure 5.- Uft and pitching-moment characteristics of the wing with a 
single fence on each semispan at  various spanwise locations. 
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( a )  CL against a. 

Figure 6.- Lift and pitctdng-moment characteristics of the w i n g  with two 
fences on each semispan a t  various spamrise locations. 
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Figure 7.- L i f t  and pitching-moment  characteristics of the wing with 
three fences on each semispan at various spanwise positions. 
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@ deg =TV 
(a) CL against a. 

Figure 8.- Lift and pitching-moment  characteristics of the wing with 
four  or five fences on each semispan at  variolls spanwise  positions. 
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(b) CL against  C,. 

Figure 8. - Concluded. 
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Figure 9.- Effect o f  fence bight oll the lift and pitching-moment char- 
acter is t ics  of the wing with chord fences at 0.57%/2 and 0.800b/2. 
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Figure 12.- Airflow  characteristics  near  the wing surface a s  obtained 
by observations of wool tufts. Wing w i t h  0.500b/2 leading-edge flaps 
w i t h  and without  fences. 
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Figure 13.- Lift and pitching-moment characteristics of the wing with 
chord fences a t  0.57513/2 and 0.800b/2, and various spans of leading- 
edge flaps. 
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Figure 13.- Concluded. 
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Figure 14.- W f t  and pitching-moment  characteristics of the w i n g  with 
0.500b/2 leading-edge  flaps and various fence arrangements. W 
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Figure 15.- L i f t  and  pitching-moment characteristics of the wing with 
various epans of s p l i t  flaps deflected 5 2 O  and with 0.500b/2 extended- 
split  flaps  deflected 23O. 
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Figure 15.- Concluded. 
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Figure 16.- Lift and pitching-ment  characteristics of the wing with 
various spans of sp l i t  flaps deflected - 5 2 O  and  chord fences at 
0.57p/2 and 0.8oob/2, and comparison O f  0.5Wb/2 Split  and 0.5Wb/2 
extended-split flaps deflected 23O on the wing with f o u r  fences on 
each 6emiSpan. . 
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Figure 17.- Effect of fences on the l l f t  and pitching moment characker- 
i s t i c s  of the wing with 0,500b/2 extended s p l i t  flaps deflected 23'. e 
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~igure 18., zift and pitching-moment characteristics of the w i n g  with 
various comblnations of leading- and trelllng-edge flaps. 
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Figure 19.- EPfect o f  s p l i t  f lap span'and deflection angle on the lift 
and pitching-moment characteristics of the w i n g  with 0.50Ob/2 lending- 
edge flaps and chord fences a t  0.375b/2 and 0.8oob/2. 
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Figure 20.- Effect of extended-split  flap span and defle'ction angle on 
the l i f t  and pitching-momnt characteristics of the 'wing with 
0.500b/2 leading-edge flaps and chord fences at 0.57%/2 and 0.800b/2. UI ul 
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Figure 22.- Comparison of 0.50Ob/2 spl l t  and O.>OOb/2 extended-split 
f lape deflected 23O on the wing with 0.4,50b/2 leading-edge flaps 
and chord fences a t  0.57%/2 and 0.80ob/2. 
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Figure q.- Concluded. 
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Figure 31.- Effect  of Reynolda number on the lift and pitching-moment 
characterlstics o f  the wing with 0.3.50b/2 spl i t  flaps, 0.500b/2 
leading-edge flaps and chord fences at 0.573/2 and 0.800b/2. 
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